INTRODUCTION
Clostridium difficile colitis (CDC) is a nosocomial infection caused by toxins produced by unopposed proliferation of the bacterium C. difficile [1] . Antibiotic therapy alters the colonic flora and allows C. difficile to flourish. All inpatients who have received antibiotics are at risk of C. difficile infection. The infection route of C. difficile is fecal to oral. Outside of the surgical ward, the C. difficile bacterium can persist in the form of heat-resistant spore for months or years [2] . Therefore, environmental contamination with C. difficile spores in hospitals increases the incidence of CDC.
During the early and mid 2000s, the reported incidence, severity and mortality of C. difficile infection increased in the United States. This increase may be due to the emer- Surgical ward was sterilized in July 2011. gence of virulent strains [3] . Although a previous study reported that the incidence of CDC has increased in Korea, it is not certain whether or not the cause is due to new strains [4] . It has been demonstrated that increasing use of antibiotics is a reason of an increased incidence of CDC in Korea [5] . Not all patients who are exposed to C. difficile spores do develop CDC [6] . We attempted to find out the risk factors for the development of CDC in patients admitted to the surgical ward. We hypothesized that specific risk factors for CDC might be in the surgical ward.
METHODS
We conducted a retrospective chart review of all patients admitted to surgical ward of Hallym University Sacred Heart Hospital between January 2010 and July 
Statistical analysis
The independent t-test was used for continuous varia- Values are presented as mean ± SD or number (%). ANC, absolute neutrophil count.
a)
The Fisher exact test was used. Values are presented as number (%).
It included chest associated operations and other minor operations except for above mentioned operations. and improved without any surgery. After the ileus improved, the patient had diarrhea and was diagnosed with confirmed CDC (Table 2 ).
Eighteen patients in the CDC group were scheduled for operations. None of them had emergency operations.
They all received prophylactic antibiotics for 2 to 3 days during the perioperative period. Of these patients, 2 received additional antibiotics for 7 and 10 days, respectively, due to surgical site infection, and 1 received additional antibiotics for 5 days due to urinary tract infection.
In cases of scheduled colectomy, we performed bowel preparation with 4 L of polyethylene glycol and oral metronidazole before operation.
We also analyzed relationships between operation types and CDC in patients with operation. Although mastectomy and thyroidectomy were most frequently performed, CDC was most frequently occurred in patients with colectomies (P ＜ 0.001) ( Table 3) . Among these patients, the incidence of CDC was 4.3% (Table 2 ). All patients were also classified into 2 distinct categories: the colectomy group and non-colectomy groups. The incidence of CDC was significantly higher in the colectomy group than in the non-colecotmy group (P ＜ 0.001).
The patients undergoing chemotherapy sometimes We converted continuous variables, such as age and hospital days, to categorical ones for multivariate analysis.
Age was differentiated at 55 years, the median value of the 2 groups. We performed multivariate analysis with sig-thesurgery.or.kr nificant variables obtained from univariate analysis.
Multivariate analysis showed that colectomy and hospital stays longer than 10 days were high risk factors for CDC occurrence in the surgical ward. Age greater than 55 years and transference from the medical ward were not important factors for CDC in the surgical ward (Table 4) .
DISCUSSION
The incidence of CDC has increased [3] [4] [5] [6] . In the last 19 months, we experienced an abrupt increase in the occur- known that washing hands is more effective for the prevention of CDC than alcohol disinfectants because spores can tolerate alcohol [7] . It is important to prevent CDC through environmental decontamination and to minimize opportunities for cross-infection through hand hygiene and barrier precautions [8, 9] .
It has been shown that gastrointestinal surgery is a significant risk factor for the development of CDC [10] [11] [12] .
Our result also showed that most patients with CDC had undergone gastrointestinal surgeries and most were colectomies (16 gastrointestinal surgeries, 1 hepatobiliary surgery and 1 chest surgery). Taslim [11] has demonstrated that preoperative bowel preparation, oral preoperative antibiotics, prolonged postoperative systemic antibiotic therapy and impaired bowel motility secondary to ileus increase the infection rate of C. difficile. Wren et al.
[ 13] have suggested that preoperative oral antibiotics in colorectal surgery increase the incidence of CDC. In our study, since most cases of CDC occurred after colectomy, we believe that environmental changes within the colon may be important in the occurrence of CDC in patients with gastrointestinal surgeries. We performed bowel cleansing with 4 L of polyethylene glycol before the operation day as well as oral metronidazole for 2 days before the operation to prepare colecotmy. During the colectomy, we also irrigated the lumen of the bowel at an approximate length of 5 cm with a diluted betadine solution through both cut lumens or the anus. Povidone-iodine irrigation can prevent surgical site infection [14] . Such procedures for decreasing colonic bacteria and stool may change the normal flora, and allow C. difficile to settle and colonize in the gut, subsequently causing CDC.
Krapohl et al. [15] have reported that mechanical bowel preparation is not a risk factor for C. difficile infection after colecotmy. In the same study, they also stated that the use of preoperative oral antibiotics is not statistically significant in C. difficile infection. Morotomi et al. [16] have documented that oral intake of a polyethylene glycol-electrolyte lavage solution does not affect the intestinal microflora. They also described that preoperative bowel preparation with the lavage solution might not alter the normal flora of the colon. Our results showed that the colectotmy was an important high risk factor for CDC.
Considering our abrupt increase in the rate of CDC during a short period, it is conceivable that all inpatients on the surgical ward may have been exposed to C. difficile spores due to environmental contamination. Although previous studies have reported a generally increased incidence, they have not shown such an abrupt increase within such a short period. In addition, the environmental condition might be different among institutions. Intra-operative procedures, such as bowel irrigation, have not been mentioned in previous reports. These differences might also affect C. difficile infection and its incidence.
The postoperative recovery time of the motility of the colon is about 3 to 5 days and that of the small bowel is within 24 hours [17] . Paralytic ileus is associated with alterations in the intestinal flora and overgrowth of bacteria [18] . During postoperative ileus, C. difficile can colonize in the colon unless the colon is washed out. It is believed that upper gastrointestinal or hepatobiliary operations with a rapid recovery time of bowel motility show lower incidences of CDC than colectomies.
Many previous studies have suggested that old age is an independent risk factor for CDC. Karlstrom et al. [19] and
Yeom et al. [20] have reported that ages ≥60 years showed a high incidence of CDC. Lee et al. [21] have reported that ages ≥70 years are an independent risk factor in multivariate analysis. They also explained that the increased incidence is related to a decrease in immunity through the aging process and an increase in the incidence of underlying disease. Our study showed that ages ≥55 years were statistically not significant in multivariate analysis. Unlike previous studies, colectomy was included in our analysis.
Further studies are warranted to confirm this issue.
Long hospitalizations have been reported to be an independent risk factor for CDC in many studies [21] [22] [23] .
Postoperative complications, such as ileus, deep surgical site infection, leakage or urinary tract infection, can prolong hospitalization. The additional antibiotics administered due to infection may increase the incidence of CDC [11] . However, Metzger et al. [24] have shown that additional antibiotics do not increase CDC. It is thought that prolonged hospitalization may increase the chances of exposure to C. difficile spores and the incidence of CDC.
The robust antitoxin immune response counteracts toxins A and B released by pathogenic strains [25] . Immnunocompromised patients undergoing posttransplantation medication, chemotherapy or human immunodeficiency virus infection show more than 30% increase in the incidence of CDC [26] . In contrast, our study showed that none of the patients with leukopenia had CDC. Our patients with leukopenia were protected from exposure to C. difficile spores because they were asked to wash out their hands and wear a mask. They ate only sterile foods and were prohibited from eating food several from the outside.
Isolation strategies can protect immunocompormised patients from CDC.
We considered transference from a medical ward as a risk factor because the incidence of CDC was higher than on a surgical ward. Although transference from the medical ward seemed to be a risk factor for CDC infection in univariate analysis, it was not an independent risk factor in multivariate analysis. Vesta et al. [27] have reported that the ward type is not a risk factor for C. difficile-associated diarrhea. It is believed that the high incidence of CDC in the medical ward may be due to the more frequent labo- 
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